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Abstract
The paper presents data on the evaluation of the effectiveness of the use of natural chloride natrium
mineralized water (MW) on the condition of the body of rats with alcohol intoxication (AI). Alcoholization lasted
30 days. From 15 to 30 days, the animals received MW. The use of MW in rats on the background of the
development of AI had a positive effect on the state of metabolism: the processes of reamination, protein
metabolism, energy-dependent transmembrane transport were restored, there was a decrease in the
manifestations of hypoxic nature; the activity of endogenous detoxification processes increased and the state in
the system of lipid peroxidation and antioxidant protection was restored. Microscopically, the liver parenchyma
has improved (lipid and hyaline inclusions disappear, blood circulation increases, dystrophy is reduced ). The
obtained data show that the use of sodium chloride MW has a protective effect on the structural and functional
state and metabolic parameters of the rats liver.
Keywords: alcohol intoxication, structural and functional state of the liver, natrium chloride mineral
water.
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Introduction
To date, diseases associated with the toxic effects
of alcohol, occupy a significant place among the
pathologies, as they cause disturbances in the
functioning of all systems of the human body [1, 2,
3]. But the liver suffers the most from the action of
alcohol, as it takes the first and the main blow from
the toxic effects of alcohol and toxic products of its
metabolism (aldehyde acetate) [4]. Alcohol is
metabolized primarily in hepatocytes, which make
up about 70 percent of the liver's mass.
Hepatocytes express very high levels of the main
enzymes
that
oxidize
ethanol,
alcohol
dehydrogenase (ADH), which is located in the
cytosol, and cytochrome P450 2E1 (CYP2E1), which is
located in the smooth endoplasmic reticulum [5].
Hepatocytes also express high levels of catalase
(the second pathway of ethanol oxidation). This
enzyme is found in peroxisomes. Catalase usually
detoxifies hydrogen peroxide (H2O2) to water and
oxygen [6]. Ethanol oxidation can result from a
combination of reactions catalyzed by NADPH
oxidase (microsomal), xanthine oxidase, and
catalase. Although the role of catalase in ethanol
metabolism is not fully understood, peroxidation
appears to be the most important pathway for
ethanol metabolism [7]. A third metabolic pathway
of ethanol oxidation has also been described that
occurs in the endoplasmic reticulum of the
hepatocyte and is called the “microsomal ethanol
oxidation system” (MEOS) [7, 8]. It uses the terms
of the enzymatic system "drug metabolism" (a
mixed function oxidase system driven by a
microsomal electron transport chain). MEOS with
NADPH oxidase as a cofactor also oxidizes ethanol
to acetaldehyde.
Liver damage occurs as a result of the following
major pathological mechanisms [9, 10]:
liver cells begin to use alcohol as a
substrate for energy metabolism, while
stopping the oxidation of fatty acids, which
are a source of energy in the norm, resulting
in their accumulation in the cell, i.e. develops
fatty liver disease;
the function of many liver enzyme
systems
is
disturbed
(aspartate
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aminotransferase, alanine aminotransferase,
alcohol dehydrogenase, etc.);
alcohol stimulates the collagen
production, which leads to fibrosis, which is
primarily observed in the portal tract and /
or terminal venules;
neutralization of alcohol leads to
significant consumption of oxygen in the
liver and the development of hypoxia of
hepatocytes and their necrosis;
ethanol leads to the formation of
free radical compounds, which causes
significant violations of the structure and
function of the cell membranes.
A wide range of drugs is used to correct
the effects of alcoholism [11]. Most of them
are
pharmaceuticals,
but
recently
researchers and specialists have begun to
pay attention to medicines of natural origin
– herbal medicines and natural remedies [12 17]. Among the latter - mineral waters (MW),
which virtually have no contraindications,
have a powerful biological, detoxifying,
therapeutic effect [18 - 23]. MW affect the
activity of liver enzymes, improving its
functional state, and most importantly, have
a stimulating effect on the reparative
processes of this organ [24, 25, 26]. The
positive effect of MW internal use is
associated with the peculiarities of their
physicochemical composition, osmolarity,
the presence of biologically active
substances, trace elements, etc. [27 - 35].
In this aspect, studies to determine the
therapeutic properties of the MW with
different chemical composition on the
course of alcohol-induced pathologies in
laboratory animals are appropriate and
important, as they allow to obtain fairly
rapid results, which greatly spread the idea
of
pathogenetic
and
sanogenetic
mechanism of this suffering.
The aim of the study was to investigate
the effect of internally use natrium chloride
mineral water on the rat body with alcohol
intoxication.
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Methods
Experimental studies were performed on 34
white female self-breeding breed of the Wistar rats
with a body weight of 180.0 - 200.0 g. The animals
were kept in the vivarium with standard drinking
and light conditions. Animals’ studies have been
conducted according to the existing guidelines and
legal documents [36, 37, 38].
The animals were divided into three groups.
Group 1 consisted of 10 intact animals, the data of
which served as controls. Group 2 - 12 animals with
alcohol intoxication (AI). Group 3 - 12 animals, which
on the background of the development of AI
received a course of MW.
Model AI (Group 2) was reproduced by daily
administration into the rats esophagus, at 12 o'clock
in the afternoon, 25% ethanol solution at a dose of
1.5% of body weight (at the rate of 4 g of 96%
ethanol per 1 kg of body weight) for 30 days [39]. To
correct blood pressure from the 15th day to the 30th
day of the experiment, MW was injected once a day
into the rats esophagus with a soft probe at a dose
of 1% of the animal's body weight (in the evening, at
about 16.00), taking into account the daily rats
biorhythm.
After 30 days of the experiment, the rats were
removed from the experiment by decapitation
method under the ether anesthesia. Macro- and
microscopic assessment of the liver tissues
structural state and functional organization was
performed by removing of 2 pieces of rats liver. The
first piece was passed through the increasing
concentration alcohols and poured into celloidin.
Made histological sections were stained with
hematoxylin-eosin. Microscopic studies of the liver
structural changes were performed on the obtained
sections. To determine the activity of succinate
dehydrogenase (SDG) and lactate dehydrogenase
(LDH) according to Lloyd's recipe, the second piece
was frozen with dry carbon dioxide (-70 ºC) and
histochemical reactions were performed on
prepared cryostat sections [40].
Metabolic studies were performed by biochemical
methods. Тhe activity of reamination enzymes -
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alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), alkaline phosphatase and
the content of total bilirubin and its fraction was
determined іn the blood serum. Creatinine and urea
content
were
also
determined.
The state of the antioxidant system (AOS) in the
serum was studied by catalase activity, and the state
of the prooxidant system / lipid peroxidation (LPO) –
by the content of malonic dialdehyde (MDA). A
thymol test was also performed. Тhe state of
energy-dependent transmembrane ion transport
was determined by the activity of Na + / K + -ATPase
and Ca2 + / Mg2 + -ATPase іn the liver homogenate.
Used methods were approved by the Ministry of
Health of Ukraine [41]. All data were processed
using the statistical package Statistica 10.0 (Statsoft
/ Dell, Tulsa, OK, USA). The descriptive statistics of
the data in tables include mean ± standard error of
the mean (SEM) or mean ± standard deviation.
Significance was assessed using the one-way
ANOVA followed by t-test. Values were considered
statistically significant when P value was less than
0.05.
Rats of group 3 received a natural MW from
underground well № 991-P "Sanatorium Resort
Orlivshchyna",
Ltd.,
Dnipropetrovsk region,
Novomoskovsk district, the village of Orlivshchyna.
This MW characterized as Natrium chloride water
with average mineralization. Chemical composition
of the MW has the following form: total
mineralization 5.75 g / l, chloride ions 2900 mg / l,
sulfate ions - 200 mg / l, bicarbonate ions - 270 mg / l,
sodium and potassium ions - 1800 mg / l, calcium
ions - 160 mg / l and magnesium ions - 75 mg / l.
Results
On the thirtieth day of pathological process the
significant changes of metabolic parameters were
found in group 2 rats (Table 1). Manifestations of
increased permeability of hepatocyte membranes
are an increase in the level of ALT and AST in the
blood by 10% (p <0.01) and 17% (p <0.01),
respectively. Against this background, the content
of total blood protein decreases significantly by 11%
(p <0.05), which ultimately indicates the
suppression of reamination and protein metabolism.
The thymol test significantly increases by 38% and
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the alkaline phosphatase activity increases more
moderately by 23% (p <0.01), which confirms the
presence of dystrophic processes in the liver
parenchyma. The level of total bilirubin and its
fractions did not differ from the indicators of group
1 of intact animals (p> 0.5). The development of AI is
characterized by a significant imbalance in the AOC /
POL system: against the background of inhibition of
the activity of the enzyme antioxidant protection of
catalase by 10% (p <0.01), there was an increase in
prooxidant processes - an increase of 30% (p <0.01)
MDA content. It should be emphasized a significant
increase in creatinine by 20% and urea by 138%, which
is evidence of violations of the processes of
processing and excretion of toxins in endogenous
detoxification systems. An imbalance in the system
of energy-dependent transmembrane ion transport
was determined - the activity of Mg2 + - Ca2 + ATPase increased significantly by 30% (p <0.05)
against the background of a decrease in the activity
of Mg2 + Na + / K + -ATPase by 42% (p <0, 05).
Deviations from the pigment metabolism were not
detected, as evidenced by the lack of significant
changes in the content of bilirubin and its fractions
in comparison with the group 1 intact animals.
Macroscopic examination of the liver of rats of
group 2 revealed that its surface is smooth, the
anterior edge is sharp, the liver tissue is yellowbrown color.
On microscopic examination, the lobular
structure of the liver was intact. The location of
hepatocytes in the lobe is disordered. The
cytoplasm of hepatocytes is granular,the nuclei had
medium size, juicy. A significant number of
hepatocytes have fatty inclusions. Between cells
and in some of them - the inclusion of eosinophilic
hyaline masses. The vessels are full-blooded. SDH
activity in hepatocytes is (6.00 ± 0.37) c.u. of optical
density; LDH activity - (6.00 ± 0.20) c.u. of optical
density, the rate of LDH activity in hepatocytes (4.00 ± 0.21) c.u. of optical density, i.e. increasing
the use of alternative substrates for energy
production.
In general, it can be argued that on the thirtieth
day of alcohol intoxication, the manifestations of
dystrophy in the liver are determined, which is
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accompanied by suppression of the processes of
reamination and protein metabolism against the
background of increasing manifestations of hypoxic
nature; violation of the processes of processing and
excretion of toxins in endogenous detoxification
systems; reducing the activity of energy-dependent
transmembrane transport processes.
In rats of group 3, which on the background of
the development of AI received natrium chloride
MW were found improvement in metabolic
parameters (Table 1). Restoration of catalase activity
(p> 0.5), alkaline phosphatase activity (p> 0.5), total
protein content (p> 0.5) and creatinine (p> 0.5) was
determined. This significantly reduces the urea
content, but does not reach the group 1 level and
differs significantly from it (p<0,01). The restoration
of the level of thymol test (p> 0,5), positive changes
in the activity of reamination enzymes - reduced
activity of AST (p <0.01) and ALT (p <0.01) were
detected. The MDA content and catalase activity
reach the level of the control group, which indicates
the restoration of balance in the AOS / POL system.
There is a significant decrease in pigment
metabolism - total, direct and indirect bilirubin (p
<0.01), which indicates the activation of conjugation
and bile excretion in the liver. Partial normalization
of the activity of ATPase indicators and the energy
supply system of ion transport was determined. The
activity of the enzyme Mg2 + -Na + / K + -ATPase,
although increasing, but remains below normal (p
<0,01).
Morphological studies of еру group 3 rats liver
found that the lobular organization of the
parenchyma is preserved, the vessels are stagnant
full-blooded. Hepatocytes are disordered. Their
cytoplasm is basophilic homogeneous, the nuclei are
small dark. SDG activity – in the center of the lobe
(5.0 ± 0.11) c.u. of optical density, on the periphery –
(6.0 ± 0.23) c.u. of optical density, LDH activity – (7.0
± 0.30) c.u. of optical density generally returns to
the control group.

Discussion
1. Under the influence of the course
with natrium chloride MW determined
reduction
of
fatty
degeneration,
improvement of structural and functional
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organization of the liver parenchyma
(lipid and hyaline inclusions disappear),
which can be the basis for improving the
detoxification function of the liver.
2. The positive influence of the MW on
the metabolism state was determined: the
processes
of
energy-dependent
transmembrane transport and reamination,
protein metabolism were restored; the
reduction of hypoxic manifestations and the
increase of the activity of endogenous
detoxification and recovery processes of
lipid
peroxidation
and
antioxidant
protection system have been established.
3. It can be assumed, that the
established effects of the using natrium
chloride MW indicates, that this MW has a
protective effect on the structural and
functional state of the liver and metabolism
of the rats against the background of the
development of alcohol intoxication.

702 (pag 698-706)

5.

6.

7.

8.

Acknowledgments
The authors declare that there are no conflicts of
interest.
9.

References
1. Pervin Z, Stephen JM. Effect of alcohol on
the central nervous system to develop
neurological disorder: pathophysiological
and lifestyle modulation can be potential
therapeutic options for alcohol-induced
neurotoxication.
AIMS
Neuroscience.
2021;8(3):390413. DOI: 10.3934/Neuroscience.2021021.
2. Rajendram R, Preedy VR. Effect of Alcohol
Consumption on the Gut. Digestive Diseases.
2005;23(3-4):214-221.
https://doi.org/10.1159/000090168.
3. Lee YJ, Cho S, Kim, SR. Effect of alcohol
consumption
on
kidney
function:
population-based cohort study. Sci Rep.
2021;11,е2381. https://doi.org/10.1038/s41598021-81777-5.
4. Julien J, Ayer Т, D Bethea Е, B Tapper Е,
Chhatwal J. Projected prevalence and
mortality associated with alcohol-related
liver disease in the USA, 2019–40: a

10.

11.

modelling study. Lancet Public Health
2020;5,e316-323.
https://doi.org/10.1016/S24682667(20)30062-1.
Osna NA, Donohue TM Jr, Kharbanda KK.
Alcoholic Liver Disease: Pathogenesis and
Current
Management. Alcohol
Res.
2017;38(2):147-161.
Wang J, Du H, Jiang L, Ma X, de Graaf
RA, Behar KL, Mason GF. Oxidation of
ethanol by rat brain. Proceedings of the
National Academy of Sciences. 2013 Aug; 110
(35): 14444-14449. DOI: 10.1073 / pnas.
1306011110.
Comporti M, Signorini C, Leoncini S, Gard
С, Ciccoli L, Giardini А, Vecchio D, Arezzini В.
Ethanol-induced oxidative stress: basic
knowledge. Genes Nutr. 2010;5:101–109.
https://doi.org/10.1007/s12263-009-0159-9.
Lieber CS, Teschke R, Hasumura Y, Carli LM.
Difference in hepatic and metabolic changes
after
acute
and
chronic
alcohol
consumption. Fed
Proc. 1975;34(11):2060–
2074.
https://pubmed.ncbi.nlm.nih.gov/240742/.
Ju¨ngst С, Berg Т, Cheng J, Green RM, Jia J,
Mason AL, Lammert F. Intrahepatic
cholestasis in common chronic liver
diseases. European Journal of Clinical
Investigation. 2013 Oct; 43(10):1069-1083.
DOI: 10.1111/eci.12128.
Cederbaum Al. Alcohol metabolism. Clin
Liver
Dis.
2012;16(4):667-685.
DOI:10.1016/j.cld.2012.08.002.Jiang, Y, Zhang
T, Kusumanchi P, Han S, Yang Z,
Liangpunsakul S. Alcohol Metabolizing
Enzymes, Microsomal Ethanol Oxidizing
System, Cytochrome P450 2E1, Catalase, and
Aldehyde Dehydrogenase in AlcoholAssociated Liver Disease. Biomedicines.
2020;
8:е
50.
https://doi.org/10.3390/biomedicines803005
0.
Mason BJ, Heyser CJ. Alcohol Use Disorder:
The Role of Medication in Recovery. Alcohol
Research: Current Reviews. 2021;41(1):07.
https://doi.org/10.35946/arcr.v41.1.07.Zhao L,

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

12.

13.

14.

15.

16.

17.

18.

Gushcha, et al.

Mehmood A, Soliman MM, Iftikhar
А, Iftikhar М, Aboelenin SM, Wang С. *
Protective Effects of Ellagic Acid Against
Alcoholic Liver Disease in Mice. Front Nutr.
2021;8:744520.
DOI:10.3389/fnut.2021.744520.
Alekseenko NA, Gushcha SG, Zmiievsky AV.
Effect of bentonite clays on the
development of chronic alcohol intoxication
in the experiment. Environment & Health.
2014;1(68):17-21.
http://www.dovkilzdorov.kiev.ua/Publ/dovkil.nsf/all/arhiv?open
document.
Wang F, Li Y, Zhang YJ, Zhou Y, Li S, Li HB.
Natural Products for the Prevention and
Treatment of Hangover and Alcohol Use
Disorder. Molecules.
2016;21(1):64.
DOI:10.3390/molecules21010064.
Gushcha S, Dragomiretska N, Zabolotna I,
Nasibullin B, Izha A, Вadiuk N, Koieva K.
Possibilities of using natural mineral waters
in the treatment of patients with nonalcoholic fatty liver disease. Balneo Research
Journal. 2019. Vol. 10, № 4. Р. 450-456. DOI:
10.12680/balneo.2019.280.
Tomczyka М, Zovko-Končić М, Chrostekc L.
Phytotherapy of Alcoholism. Natural
Product Communications. 2012;7(2):273-280.
https://journals.sagepub.com/doi/pdf/10.1177
/1934578X1200700243.
Babov K, Gushcha S, Koieva K, Strus O,
Nasibullin B, Dmitrieva G, Аrabadji M,
Plakida A. Comparative assessment of
biological activity of peloids of Ukraine of
different genesis. Balneo Research Journal.
2020;11(4):467-471.
DОI:
10.12680/balneo.2020.380.
Crespo PV, Campos F, Leal M, Maraver F.
Effects of Sodium Chloride-Rich Mineral
Water
on
Intestinal
Epithelium.
Experimental Study. Int J Environ Res Public
Health. 2021. Mar 22;18(6):3261. DOI:
10.3390/ijerph18063261.
Dragomiretska N V, Babov KD, Gushcha SG,
Zabolotna IB, Plakida A.L, Izha AN, Babova
IK, Nasibullin BA, Trubka IA. Application of
mineral waters in the complex treatment of

703 (pag 698-706)

19.

20.

21.

22.

23.

24.

patients with gastroesophageal reflux
diseas. Minerva Gastroenterologica e
Dietologica. 2020. Mar 24;66(3):225–237.
DOI: 10.23736/s1121-421x.20.02601-x.
Gozhenko А, Badiuk N, Nasibullin В,
Gushcha S, Gozhenko O, Vasyuk V, Kutsenko
Y, Muszkieta R, Zukow W. The role of
macronutrients in the implementation of the
corrective effect of low-mineralized water in
experimental metabolic syndrome. Rocz
Panstw Zakl Hig. 2020;71(4):423-430. DOI:
10.32394/rpzh.2020.0136.
Gushcha SG, Plakida AL, Nasibullin BA,
Volyanska VS, Savitskyі IS. Correction of
magnesium deficiency in the body with
balneological means: experimental studies.
Balneo Research Journal. 2019;10(3):305310. DOI: 10.12680/balneo.2019.273.
Gushcha SG, Nasibullin BA, Nikipelova EM,
Badiuk NS. Comparative evaluation of the
effectiveness of natural silicon mineral
waters and their artificial analogics on the
current experimental pathology of sleevesurface tract // Journal of Education, Health
and
Sport. 2019;9(4):600-610.
DOI: http://dx.doi.org/10.5281/zenodo.32378
76.
Babov KD, Gushcha SG, Voloshenyuk IO,
Nasibullin BA, Badiuk NS, Zabolotna IB.
Assessment of biological activity of natural
iron-containing mineral waters at their
internal application. Journal of Education,
Health and Sport. 2020;10(6):364-372. DOI:
http://dx.doi.org/10.12775/JEHS.2020.10.06.0
38.
Gushcha SG, Nasibullin BA, Рlakida АL,
Volyanska VS, Gladkіy TV, Balashova IV.
Hepatoprotective Action of Boric Mineral
Waters in Toxic Hepatosis: Experimental
Study. Open Science Journal of Bioscience
and Bioengineering. 2018. 6(5):55-60.
http://www.openscienceonline.com/journal/
osjpp.
Zabolotna IB, Gushcha SG, Mikhailenko VL.
Non-alcoholic fatty liver disease and mineral
waters of Ukraine – opportunities of
application (experimental-clinical studies).

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

25.

26.

27.

28.

29.

Gushcha, et al.

Balneo Research Journal. 2018; Sept
9(3):270-276.
https://repo.odmu.edu.ua:443/xmlui/handle/
123456789/7988 .
Izha G, Dragomiretska N, Gushcha S, Plakida
A. Clinical and experimental substantiation
of the use of bentonite suspension in the
complex rehabilitation of patients with
chronic viral hepatitis C with concomitant
non-alcoholic fatty liver disease. Balneo
Research
Journal.
2020;11(4):472-476.
DOI: 10.12680/balneo.2020.381.
Gushcha SG. To the mechanisms of
correcting influence of mineral waters of
different osmolyarity and microelement
composition on the structural-functional
state of kidneys of rats with experimental
nephritis. Bulletin of Problems Biology and
Medicine.
2018;2(144):301-306.
DOI:
10.29254/2077-4214-2018-2-144-301-306.
Shmakova IP, Shapovalova HА, Mokienko
АV, Badiuk NS, Babienko VV, Gushcha SG.
Мineral waters as a part of sanatorium resort rehabilitation for children in remission
of
oncological
diseases.
PhOL –
PharmacologyOnLine.
2021;
1:156
162.https://pharmacologyonline.silae.it/front
/archives_2021_1.
Gushcha S.G., Oleshko A.Ya. Bakholdina E.I.,
Badiuk N.S., Zabolotna I.B. Сorrection of
disturbances of functional activity of the
central nervous system in rats with the posttraumatic stress disorder model using
remedy with a high magnesium content.
PhOL – PharmacologyOnLine. 2021;1:12-19.
https://pharmacologyonline.silae.it/files/arch
ives/2021/vol1/PhOL_2021_1_A003_Gushcha.
pdf .
Kysylevska A, Babov K, Gushcha S,
Prokopovich I, Nasibullin B. Using the
Specific Molarity Indicator of the Chemical
Parameters of Mineral Waters in Assessing
Their Biological Effects. In: Tonkonogyi V. et
al. (eds) Advanced Manufacturing Processes
II. Inter Partner 2021. Lecture Notes in
Mechanical
Engineering.
Springer,
Cham. DOI: 10.1007/978-3-030-68014-5_80.

704 (pag 698-706)
30. Pavliuk NN, Badiuk NS, Guscha SG. Тhe state
of the functional activity of the central
nervous system and peripheral blood and
the possibility of correcting their disorders
with magnesium preparations. Actual
problems
of
transport
medicine.
2021;1(63):113-120. DOI:
http://dx.doi.org/10.5281/zenodo.4681661.
31. Quattrini S, Pampaloni B, Brandi ML. Natural
mineral waters: chemical characteristics and
health effects. Clin Cases Miner Bone
Metab. 2016;
13
(3):
173-180.
DOI: 10.11138/ccmbm/2016.13.3.173.
32. Nasibullin BA, Gushcha SG, Dragomiretska
NV, Strus О Е, Izha AN, Badiuk NS, Volyanska
VS. Research of the effectiveness of the
influence of mineral silicon-sodium chloride
water on the course of the pathology of the
gastrointestal tract in the experiment.
PhOL – PharmacologyOnLine.
2021;2:768775.https://pharmacologyonline.silae.it/front
/archives_2021_2.
33. Gushcha SG, Nasibullin BA, Plakida AL,
Volyanska VS, Вalashova IV. Mohylevska TV.
Metabolic syndrome: The corrective Effect
of Mineral Water with an Increased Content
of Organic substances. American Journal of
Chemistry and Materials Science. 2018; 5 (5):
85-90.
http://www.openscienceonline.com/journal/
ajcms
34. Kozhemyakin YuN, Khromov OS, Boldyreva
NE, Dobrelya NV, Sayfetdinova GA. Scientific
and practical recommendations for the
maintenance of laboratory animals and work
with them: monograph. Kiev: Interservice,
2017:182 р. (in Ukrainian).
35. Order Ministry of education and science,
youth and sports of Ukraine from 01.03.2012
№ 249. Official gazette of Ukraine from
2012;24:82
р.
https://zakon.rada.gov.ua/laws/show/z041612#Text. (in Ukrainian).
36. Council Directive 2010/63/EU of 22
September 2010 on the protection of
animals used for scientific purposes. Official

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

Gushcha, et al.

Journal of the European Communities,
2010;276:33-79.
37. Nasibullin BA, Gushcha SG, Babov KD,
Trubka IO. еt al A guide to the reproduction
of experimental models of common
nosological forms and their verification].
Odessa. 2018:82 р. (in Ukrainian).
38. Lojda Z, Grossrau R, Schiebler TN. Enzyme
Histochemistry. A Laboratory Manual.

705 (pag 698-706)
Springer-Verlag Berlin-Heidelberg New York
1979.
39. Order of the Ministry of Health of Ukraine
from 28.09.2009 № 692. On approval of the
recommendations of the research methods
of biological effects of natural medical
resources and preformed medicines.
http://old.moz.gov.ua/ua/portal/dn_2009092
8_6 92.html. (in Ukrainian).

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

Gushcha, et al.

706 (pag 698-706)

Table 1. The effect of sodium chloride MW on the metabolic parameters of rats with alcohol intoxication
Group 1

Group 2

Group 3

(М 1 ± m 1 )

(М2 ± m2)

(М3 ± m3)

ALT, U/l

175,43 ± 1,65

193,93 ± 3,22*

186,05 ± 2,27*

AST, U/l

241,18 ± 3,51

282,89 ± 6,50*

268,57± 4,08*

De Ritis Ratio

1,38 ± 0,02

1,46 ± 0,05

1,44 ± 0,39

Total bilirubin, mmol/l

8,44 ± 0,28

7,93 ± 0,24

3,51 ± 0,15*

Bilirubin direct, mmol/l

3,06 ± 0,18

3,07 ± 0,22

1,26 ± 0,10

Bilirubin indirect, mmol/l

5,38 ± 0,15

4,86 ± 0,45

2,25 ± 0,16*

Thymol test, c.u.

1,06 ± 0,15

1,46 ± 0,10*

1,02 ± 0,12

Total protein, g/l

68,70± 2,74

61,33 ± 0,84*

69,40 ± 2,18

Creatinine, µmol/l

47,80± 0,63

57,43 ± 2,84

45,10 ± 1,74

Urea, mmol/l

2,80 ± 0,27

6,67 ± 0,21*

4,03 ± 0,22*

9,11 ± 0,93

11,75 ± 0,67*

8,11 ± 0,46

6,40 ± 0,62

3,72 ± 0,24*

4,28 ± 0,35

POL (МDA), nmol/(min×mg)

5,94 ± 0,21

7,79 ± 0,31*

6,09 ± 0,26

Catalase, %

76,70 ± 1,52

68,91 ± 2,14*

74,84 ± 1,61

Alkaline phosphatase, U/l

369,10±12,41

455,22±20,61*

409,34±19,21

Indexes

Mg2 + - Ca2 + -ATPase,
mg P/g tissue
Mg2 + -Na + / K + -ATPase, mg P/g
tissue

Notes. (M1 ± m1), (M2 ± m2) and (M3± m3) are arithmetic means with errors; *- p < 0.05
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